promising and potentially simple treatment in the short term; however, the long-term outcome of this treatment is also unclear.
Although techniques to identify and protect regional nerves during hernia repair 7, 10, 12, 16, 18, 21 are under investigation, postoperative neuralgia remains a significant problem. A better understanding of patient selection criteria and the efficacy and limitations of current surgical treatments for neuropathic pain are needed to guide surgeons now and in the future.
Methods

Patient Population
Following institutional review board approval, patients who had undergone ilioinguinal neurectomy for ilioinguinal neuralgia were identified from clinic charts. Selection criteria included the following: a history of probable iatrogenic nerve injury (if applicable); symptoms of radiating neuralgia pain in the distribution of the ilioinguinal nerve (medial groin, testicle, or labia); pain triggerability; a positive Tinel sign; allodynia or sensory loss on examination; and relief of pain following a proximal block of the ilioinguinal nerve. Twenty-six patients who fit the selection criteria underwent ilioinguinal neurectomy performed by the senior author (K.J.B.) between 1998 and 2008 at Oregon Health & Science University.
Patient Data Collection
Patient charts were reviewed retrospectively. Demographic details (age, sex); details of prior surgery; and history, location, character, and duration of the pain complaint were recorded, as was response to prior pain treatment(s). Examination findings including Tinel sign, sensory loss, and response to preoperative diagnostic nerve block were documented. Operative findings were noted and postoperative outcome was determined.
The patients were mailed an invitation to participate in a postsurgery follow-up telephone questionnaire (the telephone questionnaire is presented in Table 1 ). Patients were asked to recall the character, location, and response to treatment of their preoperative pain. Patients were asked to score their pain retrospectively-preoperatively, 2 weeks postoperatively, and at the present time-by using a 0-10 verbal numerical rating scale (0 being no pain and 10 the worst pain imaginable). Medication use and physical activity pre-and postoperatively were recorded, as well as whether there was a Workers' Compensation claim or prior history of chronic pain, defined as pain lasting > 3 months.
Surgical Approach and Technique
Procedures were performed after induction of general anesthesia or with local anesthetic and sedation. The latter had the advantage of allowing direct localization of the painful lesion with the patient's cooperation, thus minimizing the need for extensive dissection.
After induction of general anesthesia, the ilioinguinal nerve was located using anatomical principles. The inguinal incision was generally extended laterally as required, up to the anterior superior iliac spine. At this point the ilioinguinal nerve pierces the transversus abdominis muscle and crosses the internal oblique muscle. From here the nerve travels toward the pubic tubercle under the aponeurosis of the external oblique along the spermatic cord or round ligament. Finally, it exits through the superficial abdominal ring with the spermatic cord to supply the skin of the anteromedial thigh, root of the penis (or labia majora in women). If the nerve was identified medially within scar tissue or hernia mesh, it was followed proximally toward the superficial ring, doubly ligated, and the stump buried in muscle. If not identified medially, the nerve was located proximally and followed into the scar or mesh and distally ligated (Fig. 1) .
Results
Twenty-six patients (14 men and 12 women) with ilioinguinal neuralgia were identified. The mean age was 48.7 ± 10.4 years (range 26-70 years). One patient had bilateral disease and underwent a bilateral procedure (for a total of 27 surgical cases). The mean pain duration prior to neurosurgical consultation was 46 ± 54 months. As reported by the patient, neuropathic pain was either constant (52.63%) or lancinating (74.68%). On examination, a positive Tinel sign was observed in 44%, anticonvulsants were used in 42.3%, and opioids in 27% of patients. A selective nerve block was performed in 21 (81%) of 26 patients and was positive, as defined by distal relief of neuralgic pain, in 20 (77%) of 26 patients, or 20 (74%) of 27 procedures. The block was usually performed by the surgical team as part of the preoperative evaluation and was an important factor in selection for surgery. A summary of retrospective patient chart data is presented in Table 2 , and data collected via the telephone questionnaire are presented in Table 3 .
In all but 2 patients, pain onset was noted after abdominal surgery (for hernia repair in 18 patients) and was immediate in 16 (67%) of 24 patients. The total number of prior surgeries ranged from 1 to 4 per patient, and 27% of patients had already undergone prior surgery for pain relief, procedures which included wound revisions and attempted neurectomy. All were reportedly uniformly unsuccessful in the long term. Return of some pain was reported by 68% of patients. Based on a 0-10 verbal numerical rating scale (0 being no pain and 10 the worst pain imaginable), pain was reported by the patient as completely relieved in 27.8% (Score 0 of 10); partially reduced in 38.9% (a reduced verbal numerical rating scale); no better in 16.7%; and worse in 16.7% in long-term follow-up. At 2 weeks, as determined by the verbal numerical pain rating scale, 72% (14/18) of patients recalled obtaining either complete or partial relief, compared with 66.7% at long-term follow-up (Table 3) .
The mean follow-up duration for patients who participated in the telephone questionnaire was 35 ± 28 months (range 3-108 months), and 18% of patients had undergone further pain procedures to help manage their pain, including spinal cord stimulation or intrathecal pumps, only 1 of which treatments led to any improvement in pain relief. The median age and sex distribution were not significantly different in the telephone questionnaire population (19 of 26 of the patients) compared with the entire study cohort. Most patients had either constant or lancinating pain (74%), which was triggerable in 68.4%. Thirty-two percent were involved in a Workers' Compensation claim, and 37% had a history of other pain problems lasting > 3 months.
Discussion
The chief finding from the study we present is that, in agreement with other surgical series, 2,5,6,15,23 a subset of patients with chronic inguinal pain have neuropathic pain secondary to injury to the ilioinguinal nerve or nearby nerves (that is, the genitofemoral nerve), and may potentially achieve pain relief from selective neurectomy, provided that the preoperative assessment is suggestive of nerve injury. In this study, those features included a clear history of neuropathic pain in the distribution of the ilioinguinal or genitofemoral nerve, a positive Tinel sign, and a clear response from a targeted nerve block (that is, distal and concordant pain relief in the distribution of the nerve). In such cases, in our opinion, nerve exploration and proximal section may be offered to the patient as a therapeutic option to relieve the neuropathic component of the pain.
Chronic pain is a common and, until relatively recently, an often underestimated problem following surgery. Following inguinal hernia surgery, the frequency of pain lasting > 3 months has been reported to range from 0 to 53%, 19 but is probably closer to 10-12%. 1 Although it is not known what happens to the majority of these patients, in one study 1% of all patients who had undergone hernia repair were referred to a regional pain clinic.
14 Some are referred to neurosurgeons.
The pathophysiological origin of pain following surgery in the ilioinguinal region is incompletely understood and is probably multifactorial in origin. Theoretically, pain could arise from somatic structures; for example, the inguinal ligament and its attachments to the pubic tubercle, visceral structures, and also neural structures, particularly the ilioinguinal, iliohypogastric, and genitofemoral nerves, which are clearly at risk during surgery. 1 The potential contribution of mesh toward post-herniorrhaphy pain has been raised, 13 but has not been shown overall to increase the chance of pain. 1 In addition, risk factors for chronic postoperative pain-including the severity of preoperative and early postoperative pain; repeat surgery; psychological factors (anxiety, depression, and a history of chronic pain); and Workers' Compensation status-often color the clinical assessment and need to be considered.
The current surgical management of chronic pain following inguinal hernia repair has consisted largely of neurectomy and mesh removal. This has been based on the premise that nerve injury is a prerequisite for development of neuropathic pain, although clearly many patients have sensory loss but do not develop pain. In reviewing the outcome following surgical neurectomy for this condition, Aasvang and Kehlet 2 reviewed 14 peer-reviewed manuscripts and noted an "overall favorable outcome," with pain relief ranging from 0 to 80%. On superficial inspection these results look attractive; however, in criticism it was noted that almost all were retrospective, that the diagnostic criteria (including blocks and neurophysiological and neuropsychological assessment) were unclear; and that none of the studies reported long-term follow-up or quantitated pain pre-or postoperatively. How effective is selective neurectomy in selected patients? We found that 74% of patients reported definite improvement of their pain at the 2-week clinical follow-up evaluation, with improvements in the lancinating component and a reduction in medication use. In the long term, however, only 28% of patients had complete pain relief, although another 39% had some improvement. The remainder (33%) were either no better or their pain was worse. Factors that were associated with a significant chance of pain relief or improvement included a history of lancinating pain and operation in which local anesthesia was used. These results are sobering but hardly surprising when dealing with pain that may have been due to multiple causes, including neuropathic, and that was often chronic in duration. To our knowledge, no long-term follow-up data for patients with ilioinguinal neuralgia treated by neurectomy has been reported in the literature to date.
Additionally, in the data we present, a high proportion of patients reported recurrent pain (68%). This is consistent with anecdotal experience of surgical treatment with neurectomy, in which pain has a tendency to recur, presumably due to regrowth of nerve fibers, which may again become mechanosensitive.
Various surgical approaches have been used to address the problem of neuropathic pain in the inguinal region. The more traditional approach has been the attempted discrete localization of the affected nerve preoperatively based on nerve blockade and classic descriptions of nerve anatomy and distribution. A problem with this is that significant anatomical variability of the skin supply exists between the ilioinguinal and genitofemoral nerve; Rab et al. 20 describe 4 variants. Therefore, differentiation between the 2 nerves may prove difficult, and isolated nerve section may fail to eliminate the pain generator adequately. This could account for our identification of the genitofemoral nerve in 2 cases. Nerve blockade may help differentiate the 2, but not always. A second surgical strategy is to perform a triple neurectomy, as advocated by Amid, 5 accepting that the only sure way to eliminate all causes of neuropathic pain is to section all nerves. Unfortunately, the lack of long-term follow-up data from surgical series makes it difficult to compare the relative merits of each approach.
The method we describe represents a targeted approach based on a preoperative assessment of the probable injured nerve, based on the results of proximal nerve blockade in conjunction with wound exploration, guided ideally by patient input (local anesthesia and sedation). In patients in whom general anesthesia is induced, an anatomical exploration for the ilioinguinal and genitofemoral nerves was conducted, with resection and burying of obviously injured nerves. No attempt was made to perform neurolysis. The presence of mesh and scar clearly made normal dissection and identification more difficult. In this situation, extending the incision laterally to the level of the anterior superior iliac spine allowed us to identify the emergence of the ilioinguinal nerve from the transversus abdominis muscle and follow it into the inguinal region. The genitofemoral nerve was more likely to be found distally, close to the spermatic cord and vessels. The one complication of testicular infarction in this series highlights the dangers of dissection close to these structures.
In agreement with other authors, 5 we found the ilioinguinal nerve most likely to be entrapped.
Limitations of this study include the small number of cases, a single surgeon and single institution, 70% followup rate, the absence of controls, and lack of functional scales. However, given the unlikelihood of a prospective or randomized trial for chronic pain following hernia repair, the retrospective data we present may represent the best available that detail long-term pain relief outcome.
Conclusions
Ilioinguinal neuralgia is one cause of chronic pain following abdominal surgery, and patients may be referred to a neurosurgeon. The results we present parallel other surgical neurectomy studies for pain relief, which suggest potential benefit but a high likelihood of pain recurrence. In spite of this, up to 65% of carefully selected patients may benefit, either fully or partially, from selective proximal neurectomy. Patients with a history of a lancinating component to their pain appear to have an increased chance of improvement from surgery. Careful preoperative discussion should emphasize the surgical objective of solely targeting the neuropathic pain component, with the potential of pain return and the possibility of pain exacerbation in some patients.
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